ABSTRACT A proportionate mortality ratio (PMR) study was conducted using data on workers from three local unions representing an integrated automobile factory composed of forge, foundry, and engine (machine and assembly) plants. Ninety four percent of the death certificates were obtained for all active and non-active workers who died during the period 1 January 1970 to 31 December 1979 and were vested in union and company benefit programmes. Observed numbers of deaths were compared with expected numbers based on two standards, the proportionate mortality among men in the United States 1970-9 and among men in Erie County 1975. There was close agreement between the number of observed and expected deaths by either standard of comparison among white auto workers in the forge and foundry plants. Valid analyses of cause specific mortality among non-whites could be conducted for the foundry plant only. Although there was raised PMR for deaths due to diseases of the circulatory system using the Erie County standard, none of the other cause specific PMRs was significant. Although based on small numbers, the risk of cancer of the lung was significantly high in non-whites under age 50 in the foundry (PMR = 2*6; p< 0.05). The cause specific PMRs for whites in the engine plant were statistically significant for malignant neoplasms (1-2) and all external causes (0.62) based on the US white male standard. Analysis of cancer specific mortality among white men in the machining/assembly plant showed significant excesses for cancer of the digestive system (PMR= 1-5), particularly of the liver (PMR= 2.6) and pancreas (PMR= 1.9); cancers of the respiratory system (PMR= 1-4 using the Erie County standard); and cancer of the urinary bladder (PMR= 2.3). Workers employed for more than 20 years showed statistically increased mortality ratios for cancers of the digestive system (1.9), particularly cancer of the pancreas (2.3) and cancer of the rectum (2.8). Individuals whose employment began during or before 1950 exhibited increased PMRs for cancers of the digestive organs (1.8), particularly of the pancreas (2.5) and of the bladder (3-4). Workers whose employment began after 1950, on the other hand, exhibited raised PMRs for cancers of the respiratory system (1-5) and of the kidney (3.2). Since the foundry and forge plants did not start production until 1955, mortality associated with those work settings may be greater in the future.
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departments were machining and assembling four different engine types. Although production has changed over the years, the methods of machining and assembly are similar. The metal casting plant or foundry, which began operations in 1954 and employed 2800 workers by 1980, produced engine blocks and other miscellaneous automotive parts. The forge plant which began operation in 1954 employed 900 workers by 1971. Production included sheering, rolling, and pressing of steel billets into automotive parts.
Materials and methods
Union records, the primary source of data for this study, were maintained to determine vesting privileges, seniority rights, and eligibility for pension benefits. In addition, the company notified local unions in writing of personnel changes, including deaths of active workers, and, through the benefits department of the company, of the deaths of retired workers. Nevertheless, data on birth dates, job titles, and job mobility were unobtainable for most of the work force. In addition, detailed occupational histories were not available, this limiting knowledge of occupational exposures to those generally associated with the industrial processes common to the function of each plant. Owing to the limitations, a retrospective cohort study was not feasible and so use was made of proportionate mortality ratios (PMRs). ' 2 PMRs have been shown to be relatively effective for estimating cause specific risk and are often used to determine differential mortality.2 3 Although somewhat limited, PMR analyses have been shown to approximate standard mortality ratio (SMR) analyses when the same data are used, and thus are useful for generating hypotheses related to cause specific mortality when limited data are available.
Verification of deaths was pursued through three other sources. The death lists obtained from local union records were sent to the social security department of the International Union (UAW) for verification. An additional 51 deaths that had occured among pensioned workers and were not known to the union were identified by the International Union. The employment records of these workers were then verified and completed at the appropriate local union. In addition, each local union had an employee credit union, and records of death benefits paid from each credit union were cross referenced with the lists of deaths assembled from local and international sources. County men, 1975 . Differences between observed and expected numbers of deaths were summarised in the form of a proportionate mortality ratio (PMR). The statistical significance of the differences between observed and expected numbers was determined by chi-square tests with one degree of freedom.
Findings
Of the 769 auto workers who died within the study period, 635 (83%) were white and 134 (17%) non-white. The distributions by race and age at death are presented in tables 1 and 2. About 10% of the white workers died before the age of 50. The percentage of deaths among white foundry workers under 50 was considerably higher than among the employees of the other plants. Forty percent of all white workers were between 60 and 69 at the time of death. There was little variation by plant in the percentage of deaths at the older ages. Among non-white workers, over 26% of the deaths occur-Mortality of workers in an automobile engine and parts manufacturing complex Valid analyses of cause specific mortality among non-whites could not be conducted in the forge and engine plants because of the small number of deaths. Mortality of workers in an automobile engine and parts manufacturing complex the engine plant was established in 1938, and the work force was much larger than the forge or foundry work forces. During the study period, 509 (66%) of the observed deaths in the industrial complex were among members of the local union representing the engine plant. These findings suggested raised risk for all malignant neoplasms combined, benign neoplasms, and diseases of the skin and cellular tissue. The raised PMR for all malignant neoplasms combined was accounted for by raised risk for cancers of the digestive organs, urinary bladder, and the respiratory system. Furtber analysis showed that risks for cancers of the respiratory and digestive system were highest among those employed for more than 20 years. Analysis by year of first employment showed that workers whose employment began during or before 1950 had higher PMRs for cancers of the respiratory system and kidney. Therefore, the risk of cancer specific mortality reflected the amount of exposure and the duration of employment.
These findings are consistent with some of the previous epidemiological studies of workers in related industries. The particular exposures that might increase the risk of cancer among the engine plant workers are lubrication oils used in the machining processes. Although mineral oils are well documented as a cause of skin cancer, no deaths from skin cancer were observed in this study, although two deaths from diseases of the skin and cellular tissue were recorded. The higher ?MRs for digestive cancers, especially among workers employed for 20 years, corroborate the findings of Decoufle, " Jarvholm et al, 9 and Greene et al.'0 Waterhouse was the first to indicate a possible risk for cancers other than those of the skin when he showed higher risks for second primary cancers of the respiratory system and upper gastrointestinal tract in a series of cases of scrotal cancer." Our study found raised PMRs for cancers of the respiratory system in workers whose employement began after 1950 and in workers who had been employed more than 20 years. Waterhouse" and Greenberg'2 were the only other investigators to suggest an excess mortality from carcinoma of the lung among workers exposed to oil mist. Other studies have shown no significant increase in lung cancer in workers similarly exposed.8 [13] [14] [15] Although it is known that the three main types of cutting fluids have been used in the engine plants, the temporal use of different types of cutting fluids was not known to the investigators. The predominant types of cutting fluids used in the engine plants before 1950 were probably insoluble and soluble mineral oils. Reported industrial hygiene measures range from less than 1 to 3-4 mg/M3.1 9 Decoufle also reported that measuremenits for mineral oil mists showed geometric means of 2.4 to 5.6 ,um, suggest- ing that a significant proportion of oil mist particles from non-soluble oils may be ingested.8 Studies have shown that as the diameter of airborne particles increases, the deposition rate in the upper respiratory tract increases, where clearance by cilia action is in the direction of the gastrointestinal tract. '6 Synthetic fluid aerosol particles tend, however, to be smaller owing to their reduced viscosity and surface tension. Small particle diameters lead to deeper pulmonary penetration.
Mineral oil cutting fluids have been shown to be carcinogenic in animal models. ' 1950 have a slightly raised and significant PMR for cancers of the respiratory system cannot be interpreted in the absence of information regarding changes in the composition of the materials to which the workers were exposed.
The method used in this study has been reviewed extensively and its use in estimating cause specific mortality risk to generate hypotheses is well documented.2 28-31 These findings, however, must be judged in the context of the limitations inherent in the method. For instance, workers employed for more than 10 years and therefore vested in union and company benefit programmes were selected for inclusion in the study to assure identification of number of deaths among a defined population. All deaths among individuals who terminated employment before being vested in the benefit programme were not entered in the union records and could not be included in the study. Several investigators have shown that mortality is higher among workers who leave an industry than those who remain until retirement.32 33 Also, PMRs may be inflated for certain causes of death when the overall mortality of a study group is lower than the comparison or standard population. In other words, if a strong healthy worker effect is operating, some PMRs may be overestimated, in particular those that would be affected by "health" selection. Another limitation of this study is that the specific employment experiences that would permit identification of exposure were not available for each subject. Assumptions about exposure were based only on the knowledge of the processes within the individual plants. In addition, individual information on personal risk factors such as smoking and alcohol consumption was not available. Despite these limitations, PMR studies based on deaths ascertained through employee benefit programmes have shown that PMRs among long term employees may be as valuable for occupational mortality surveillance as SMRs. 30 This study was intended as an exploratory investigation of the mortality patterns of auto workers employed in a large manufacturing complex. Although the limitations of the study design preclude inferences regarding cause and effect relationships, the statistical associations indentified suggest hypotheses that should be tested in studies requiring the provision of data specific to employer records. Vena, Sultz, Fiedler, and Barnes Therefore, a nested case control study of workers employed in the engine plant is indicated to investigate if the excess digestive and lung cancers are related to exposure to cutting fluids or other chemicals, or a combination of these.
